PMF model
A positive matrix factorization (PMF) model was used to resolve mass size distribution modes.
PMF is a commonly used multivariate factor analysis technique that is capable of decomposing the aerosol chemical species data matrix into two matrices, factor profiles and factor contributions: where the element x ij is the concentration value of the ith sample at the jth size interval or species; g ik is the amount of mass contributed from the kth source associated with the ith sample and f kj is the size distribution or species profile associated with the kth source; e ij is the residual for each sample or species. The aim of the PMF solution is to minimize the object function Q (Eq. (2)) via a conjugate 10 gradient algorithm, based upon estimated data uncertainties (or adjusted data uncertainties) u ij (Brown et al., 2015) . In this work, the EPA PMF 5.0 software package was used to perform the calculation (Norris et al., 2014) . The uncertainties for the observed data were prepared based on the recommended method in the EPA PMF 5.0 manual. PMF was proved to be an efficient method to resolve overlapped modes of particle size distribution in early works (Guo et al, 2010; Liu et al, 2015) . Totally 540 sets (30 samples 15  6 species  3 levels) of mass size distribution data were generated at the 3 heights (the ground level, 118 m, and 488 m) of Canton Tower. Six species include K + , NH 4 + , SO 4 2-, Cl -, Na + , and NO 3 -at each height respectively. PMF analysis was executed on these 540 sets of data. At last, 3 factors implying 3 modes marked by their peaks were chosen to obtain the most reasonable solution.
The following figure shows the 3 PMF resolved size distribution modes fitted by lognormal 20 function through Matlab software to determine mass medium aerodynamic diameters (MMAD) and eventually explaining 94% of total measured aerosol mass. The MMAD in this work was 0.33, 0.75, 4.6 µm corresponding condensation mode, droplet mode and coarse mode respectively, which presented a remarkable similarity to former urban aerosol research in Hong Kong (Gao et al. 2016 ). PMF resolved average particle concentrations for each mode at ground level, 118 m, and 488 m during autumn and 25 winter campaigns were showed in Table S1 . 
Weather Research and Forecasting (WRF) model setup and verification

Model Description and Configurations
Weather Research and Forecasting (WRF) model version 3.7.1 (Skamarock et al. 2008 ) is adopted in this study. The WRF model is a new-generation mesoscale numerical atmospheric modeling system offering a host of options for atmospheric processes to serve both atmospheric research and operational forecasting needs. In the numerical modeling, a 5 triple-nested grid with 27/9/3 km resolution domain and 39 layers in vertical is set ( Figure S9 ). The simulation period is conducted from 0000 UTC 18 October to 0000 UTC 28 October 2015 as the autumn time period and 0000 UTC 25
December 2015 to 0000 UTC 28 January 2016 as the winter time period. The National Center for Environmental Protection (NCEP) 1° × 1° FNL (Final) operational global reanalysis data are applied as the initial and boundary condition in WRF modeling. The physical parameterization configurations for WRF model can be found in Table S2 . 10 Figure S9 . The triple-nested domain of WRF modeling. 
Model validation and performance 5
The performance statistics for pressure, air temperature, relative humility and wind speed of three vertical layers on the Canton Tower are shown in Table S3 . Here, the statistical measures such as Observation Mean, Simulation Mean, the Mean Bias (MB), the Normalized Mean Bias (NMB), the Normalized Mean Error (NME), the Mean Relative Bias (MRB), the 
